We summarize recent results by the BABAR and Belle Collaborations on the search for CP violation and new physics beyond the Standard Model in several rare B meson decays. The measurements exploit the final BABAR and Belle Υ(4S) dataset, which consist of approximately 470 and 772 million BB pairs, respectively.
I. INTRODUCTION
The B factory experiments, BABAR at SLAC and Belle at KEK, have been operated successfully in the first decade of the 21st century, collecting in total more than one billion pairs of charged (B + , a significant fraction of the B factories' physics program has been focused on rare B decays, which can provide additional constraints on the unitarity triangle parameters, or can probe the presence of new physics (NP) beyond the Standard Model (SM).
II. EXPERIMENTAL TECHNIQUES
Both BABAR and Belle are multi-purpose, (longitudinally) asymmetric detectors with nearly 4π coverage. In the e + e − collisions the Υ(4S) are produced with a Lorentz boost γβ along the beam axis of 0.56 in BABAR and 0.42 in Belle, resulting in an average longitudinal separation between the two B decay vertices of ≈ 200-250 microns, from which the proper time difference between the two decays can be inferred. The two detectors consist of an inner silicon detector to reconstruct B and D decay vertices and low-p T charged particles, a gaseous drift chamber for charged particle tracking, various devices optimized for excellent charged particle identification (PID) at low energy (≈ 1 GeV) through various techniques (dE/dx, Cherenkov light, time of flight, ..), homogeneous scintillating electromagnetic calorimeters for e/γ reconstruction and identification, and muon and K L detectors installed in the iron yoke used to contain the flux return of the solenoid that provides the magnetic field for tracking. BB events produce typically a few number of charged (≈ 11) and neutral particles and often it is possible to fully reconstruct a B decay, i.e. to measure directly each of its decay products. This allows the calculation of two kinematic quantities characterizing the B meson, the energy-substituted invariant mass (m ES or M bc ), m ES = (E * beam ) 2 − (p * B ) 2 , and the energy difference, ∆E = E and the more "spherical" BB events, and also exploit the different angular distributions expected from angular momentum conservation and spin arguments. Because of the large correlations between the shape variables, those are usually combined in a single discriminating quantity using multivariate techniques (Fisher discriminants, neural networks), trained on clean samples ofevents collected at √ s ≈ 40 − 50 MeV below the Υ(4S) peak and with simulated signal samples.
III. SEARCH FOR CP VIOLATION IN CHARMLESS B DECAYS
Charmless hadronic B decays provide sensitive probes for CP violation in the Standard Model and beyond, since:
• large CP -violating effects are predicted by the SM in some of these channels, and can therefore be measured with good precision;
• the amount of CP violation in some charmless B decays is related, in the SM, to the amount of CP violation -measured with excellent precision -in B 0 → (cc)K 0 decays;
• some of these decays proceeds mainly (or purely) through loop-mediated diagrams and SM predictions could therefore be significantly affected by possible new physics contributions appearing in the loops of these diagrams.
Calculations of the SM contributions to the B → ηK and B → ηπ decays, combined with the measured values of the B ± → η ( ) K ± and B 0 → η K 0 branching fractions, lead to the following expectations [4] [5] [6] [7] [8] [9] [10] [11] [12] :
1. the branching fraction of B 0 → ηK 0 is expected to be lower than that of B ± → ηK ± , because the tree diagram in the B 0 → ηK 0 decay is color suppressed.
2. in B ± → ηK ± , a large direct CP asymmetry (A CP ) is expected, as a consequence of the interference between the destructive combination of penguin amplitudes and the tree amplitude.
3. in B ± → ηπ ± , a large A CP is also anticipated, due to the interference between the b → d penguin and b → u tree diagrams.
Belle has published in [13] an updated measurement of B → ηh (h = π + , K + , K 0 ) decays[36] using the final data sample of 772 × 10 6 BB pairs. The η meson is reconstructed in both the π + π − π 0 and γγ final states, while the K 0 meson is selected as a K 0 S decaying to two oppositely-charged pions. The full B decay tree is reconstructed, with an efficiency -including secondary branching fractions -of around 1.5% (4%) for the ηK 0 and 5% (14%) for the
The signal yield is obtained through a maximum likelihood (ML) fit to M bc , ∆E and an event-shape variable R . The samples containing the ηK + and ηπ + candidates are fitted simultaneously, in order to constrain the background from the ηK ↔ ηπ cross-feed. The projections of the fit on the M bc variable for B + → ηK + and B − → ηK − candidates, selected after further enhancing S/B with the requirements −0.1 < ∆E < 0.08 GeV and R > 1.95, are shown in Figure 1 .
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In the CP violation analysis, events are selected in which one neutral B tag decays to a (partially reconstructed) flavor-specific final state, thus identifying the flavor of the other B (B sig ) as B 0 or B 0 at the same time, while B sig decays to either three
asymmetry between the B 0 and B 0 decays to three K 0 S has a dependence on the proper time difference ∆t between the two B decays of the form [S sin(∆m d ∆t) − C cos(∆m d ∆t)], where ∆m d is the mass difference between the two neutral B physical eigenstates. In the SM S = − sin 2β, while C ≈ 0, since the decay amplitude is dominated by a single weak phase term and direct CP violation is thus negligible. S and C are extracted from a maximum likelihood fit to ∆t, m ES , ∆E and N N for the selected candidates (see Figure 2 ). The signal yield is 263 ± 21, and the measured values of S and C are:
where the systematic errors are dominated by the ∆t resolution and the fit bias. They are compatible within two standard deviations with those measured in tree-dominated modes such as B 0 → J/ψK 0 S , as expected in the SM. CP conservation (S = C = 0) is excluded at 3.8σ, including systematic uncertainties, thus providing for the first time evidence of CP violation in BABAR has also published in [19] a detailed study of the other B decays to three kaons. The decay
is used, by performing a time-dependent analysis, to measure β eff in B 0 decays to the CP -odd final state φK 0 S and also to the (mostly CP -even) other resonant and non-resonant
is used to determine the direct CP asymmetry in B + → φK + . In order to disentangle the B → φK contribution from other resonant or non-resonant contributions, a Dalitz plot analysis is performed for each of the final states considered. In addition, to better understand the Dalitz plot structure of these decays and the possible intermediate
are studied, since they have a simplified spin structure due to the fact that the two K 0 S mesons in the final state are forbidden (by Bose-Einstein statistics) to be in an odd angular momentum configuration. Events with three charged or neutral kaons kinematically consistent with a B decay (common production vertex, m ES ≈ m B , ∆E ≈ 0) are selected. Continuum background events are suppressed by means of a neural network N N of typically five event-shape variables. The signal B decay amplitude is modeled as the sum of a non-resonant and of several resonant contributions, whose magnitudes and phases are determined through a maximum likelihood fit to the Dalitz plot variables, together with m ES , ∆E and N N . Only resonances that significantly improve the quality of the fit are kept in the nominal signal decay amplitude: in all the three channels no evidence is found for the broad f X (1500). The selection efficiency is around 30% for each of the three decay modes. The number of selected signal decays, the measured inclusive charmless branching fractions (excluding the χ c0 K contributions) and the CP -violating parameters are summarized in Table II 
S decays is in excellent agreement with SM expectations: β eff is very close to β measured in B decays to charmonium, and C is consistent with zero. 
Recent measurements of rates and asymmetries in B → Kπ decays may hint to possible new physics contributions, but hadronic uncertainties prevent a clear conclusion in this direction. Additional information can be obtained through a data-driven approach involving measurements of all the observables in the B → Kπ system, or looking at the related pseudoscalar-vector decays B → K * π and B → Kρ. In such decays, the ratios of tree-to-penguin amplitudes are predicted to be 2 to 3 times larger than those in B → Kπ, possibly leading to larger CP asymmetries Table III . For B ± → K * (892) ± π 0 , a branching fraction of (8.2 ± 1.5 ± 1.1) × 10 −6 is measured, with a CP asymmetry close to zero (−6%) but also consistent, within errors, with large CP violation (A CP ≈ 20 − 30%) as expected in the SM. BABAR has presented at the FPCP 2012 conference, and later published in [28] , a search for the eight lepton flavor violating decays B ± → h ± τ , h = π, K, = e, µ, using the final Υ(4S) dataset. Events in which one B meson (B tag ) is fully reconstructed in one of several hadronic final states,
are selected. The number of tracks from the signal B (B sig ) decay and their particle identification information are required to be consistent with that of a B ± → h ± τ decay followed by a one-prong τ decay (producing either a charged electron, muon, or pion), in order to improve the signal-to-background ratio. Continuum background is suppressed using a likelihood ratio based on event shape information, unassociated calorimeter clusters, and the quality of muon identification for channels that have a muon in the final state. Background from semileptonic B or D decays is suppressed by rejecting events where two oppositely-charged B sig daughters are found to be kinematically compatible with originating from a charm decay, by computing their invariant mass in the hypothesis of a Kπ pair. Using the momenta of the reconstructed B, h, and candidates, the four momentum of the τ lepton in the centerof-mass frame is fully determined, thus circumventing the problem of measuring the undetected neutrino(s) from the τ decay:
The resulting τ candidate mass,
is then used to discriminate against combinatorial background (see Figure 6 ). A broad m τ sideband ([0, 3.5] GeV/c 2 ) is used to estimate the background in the signal region of m τ close to the PDG τ mass, using a simulation of background events to relate the number of background candidates in the sideband region to the number of background candidates in the signal region. To reduce systematic uncertainties, the signal branching fraction is determined by using the ratio of the number of B → hτ signal candidates to the
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+ decays in events with a fully reconstructed hadronic B tag :
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where and other backgrounds do not peak in ∆E D ν (see Figure 7) . No evidence for the B → hτ decays is found, and 90% confidence level upper limits are set -with a frequentist technique -on each branching fraction at the level of a few times 10 −5 , as summarized in Table IV . The results are used to improve model-independent limits on the energy scale of new physics in flavor-changing sermonic effective operators [26] to Λ bd > 11 TeV and Λ bs >15 TeV.
B. Search for new physics in B 0 decays to invisible final states and to ννγ
The decay B 0 → νν, which would give an invisible experimental signature, is strongly helicity-suppressed in the SM by a factor of order (m ν /m B ) 2 and its branching fraction is thus well below the B factory experimental observability [29] . The SM expectation for the B 0 → ννγ branching fraction is predicted to be of order 10 −9 , with very little uncertainty from hadronic interactions [30] . An experimental observation of an invisible (+γ) decay of a B 0 at the B factories would thus be a clear sign of physics beyond the SM. Supersymmetric models or models with large extra dimensions allow significant, although small, rates for invisible B 0 decays, with branching fractions up to the 10 −7 -10 −6 range [31] [32] [33] .
Both Belle and BABAR have presented at the FPCP 2012 conference preliminary results on invisible B 0 decays;
BABAR has also searched for B 0 → ννγ decays. The results have been later publicly documented in [34] and [35] .
The analysis technique is similar for the two experiments: only events where a neutral B tag meson is found are considered, and the rest of the event (the "signal side") is checked for consistency with an invisible decay or a decay to a single photon of the other neutral B. Events with extra tracks or neutral pions or K 0 L candidates are vetoed. The total energy E extra (or E ECL ) in the electromagnetic calorimeter, computed in the CM frame and not associated with neutral particles or charged tracks used in the B tag reconstruction, is used to discriminate between signal and background. For B 0 → invisible + γ, the energy of the highest-energy photon remaining in the event is also removed from the E extra computation. In signal events E extra is strongly peaked at zero, while for the background its distribution increases uniformly with E extra . The main difference between the Belle and BABAR analyses is that Belle performs a full reconstruction of the B tag candidate in hadronic final states, while BABAR opts for a partial reconstruction in the D ( * )− + ν decays. The latter has the advantage of a higher reconstruction efficiency with respect to the former (by a factor ≈ 10: the B → invisible efficiency is 0.18% for BABAR and 0.022% for Belle), but has the disadvantage of the presence of the invisible neutrino, which prevents the exploitation of kinematic variables such as the reconstructed B 0 mass. S/B is therefore worse in the case of the partial B tag reconstruction, though the background contamination is mitigated by the presence of a high momentum lepton.
The signal yield is extracted from a maximum likelihood fit to the two-dimensional distributions of E ECL and of an event-shape variable, cos θ B (Belle), or to the one-dimensional E extra distribution (BABAR), as illustrated in Figures 8 and 9 . No evidence for B → invisible(+γ) decays is found, and 90% confidence level upper limits are set -with a Bayesian technique -on each branching fraction, at the level of a few times 10 −5 , as summarized in Table V . The Belle limit is a factor ≈ 5 worse than BABAR because of the lower efficiency of the hadronic tag full reconstruction.
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V. CONCLUSION Several results on rare B decays obtained at the B factories have been discussed. The main results are:
• CP violation has been observed with > 3σ significance in B ± → ηK ± and B ± → ηπ ± . Large CP asymmetries are observed. B 0 →ηK 0 is observed for the first time, with a branching fraction smaller than that of B + →ηK + .
• CP -violation parameters in
S are compatible within two standard deviations with those measured in tree-dominated modes such as B 0 → J/ψK 0 S , as expected in the SM. CP conservation is excluded for the first time in these decay with a significance of more than 3σ, including systematic uncertainties.
• The CP asymmetry in B + → φK + differs from 0 by 2.8σ, and is in slight tension with SM predictions (0−4.7%).
• The amount of CP violation in B 0 → φK 0 S and in other B 0 → K + K − K 0 S decays is in excellent agreement with SM expectations: β eff is very close to β measured in B decays to charmonium, and C is consistent with zero.
• No evidence of CP violation has been found in B ± → K * (892) ± π 0 , though the large uncertainty on the CP asymmetry does not exclude CP -violating effects as large as 20 − 30%, as expected in the SM.
• No evidence of lepton-flavor violating B ± → h ± τ decays has been found, and upper limits of a few times 10 −5 on their branching fractions have been set, improving by a factor 5 previous limits on µ − τ lepton-flavor violating effective couplings.
• No evidence of B → invisible(+γ) decays has been found, and upper limits of a few times 10 −5 on their branching fractions have been set, 1-2 order of magnitude still higher than the values predicted by some theoretical models beyond the SM.
All the results are in agreement with Standard Model expectations: no evidence of new physics is found.
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